The dielectric-spectroscopic and ac conductivity studies firstly carried out on layered manganese doped Sodium Lithium Trititanates (Na1.9Li0.1Ti3O7). The dependence of loss tangent (Tanδ), relative permittivity (εr) and ac conductivity (σac) in temperature range 373-723K and frequency range 100Hz-1MHz studied on doped derivatives. Various conduction mechanisms are involved during temperature range of study like electronic hopping conduction in lowest temperature region, for MSLT-1 and MSLT-2. The hindered interlayer ionic conduction exists with electronic hopping conduction for MSLT-3. The associated interlayer ionic conduction exists in mid temperature region for all doped derivatives. In highest temperature region modified interlayer ionic conduction along with the polaronic conduction, exist for MSLT-1, MSLT-2, and only modified interlayer ionic conduction for MSLT-3. The loss tangent (Tanδ) in manganese-doped derivatives of layered Na1.9Li0.1Ti3O7 ceramic may be due to contribution of electric conduction, dipole orientation, and space charge polarization. The corresponding increase in the values of relative permittivity may be due to increase in number of dipoles in the interlayer space while the corresponding decrease in the values of relative permittivity may be due to the increase in the leakage current due to the higher doping.
INTRODUCTION
The series of titanates with chemical formula Na2TinO2n+1, to which Na2Ti3O7 belongs, has a zig zag layer structure. 1, 2 O. V. Yakubovich and V. V. Kireev have studied the refined crystal structure of Na2Ti3O7. 3 It has been reported that Na2Ti3O7 has the ability to decompose water to hydrogen and oxygen when ruthenium oxide is highly disperse on the titanates. 4 In the recent work, synthesis and characterization of Na 2 Ti 3 O 7 and Na 2 Ti 6 O 13 reported in the literature. 5 Machida et al. 6 have reported pillaring and photocatalytic properties of partially substituted layered titanates Na 2 Ti 3-X M X O 7 9 and their niobium-substituted product. 7 EPR, Dielectric-spectroscopic, ac and dc conductivity investigations of Li, K substituted and paramagnetic ions (Mn, Cu, Fe) doped layered polycrystalline Na 2 Ti 3 O 7 and K 2 Ti 4 O 9 reported by Shripal et al. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] EPR studies of iron and manganese doped tritanates have reported by Alka Tangri et. Al. 50 These titanates have a kind of typical oxides with layered structures and studied extensively as ion exchanger, [18] [19] [20] [21] metal ion absorbent 22 and filters in rein-forced plastics. 23 These materials also investigated for intercalation with alumina, slica, chromia and iron oxide to improve their catalytic properties and stability. [24] [25] [26] [27] [28] These materials used to fabricate porous materials and to fix radioactive metal ions. 29, 30 These compounds have also investigated for their electrochemical and calorimetric thermo dynamical properties. 31 A total of about 130 phases (mostly non-stoichiometric) including a dozen of Sodium titanates have known. [32] [33] [34] [35] M. Sh. Khalil and F. F. Hammad have reported effect of Cu addition on structural and dielectric properties of CaTiO3. 36 Structural and morphological behavior of TiO2 rutile has obtained by the hydrolysis reaction of Na 2 Ti 3 O 7 . 37 No attempt has been made through dielectric-spectroscopic and ac conductivity studies of pure and manganese doped Sodium Lithium trititanate. In the present paper, we have firstly studied about the dielectric-spectroscopic and ac conductivity investigations of manganese doped layered Na 1.9 Li 0.1 Ti 3 O 7 ceramics.
EXPERIMENTAL
The ceramic sample Na1.9Li0.1Ti3O7 (denoted as SLT) [16] and its manganese-doped derivatives with different molar percentage of MnO 2 (0.01, 0.1 and 1.0) (denoted as MSLT-1, MSLT-2 and MSLT-3) have synthesized using sintering process. The method of preparation of palletized ceramic samples is similar to that reported earlier in the literature. 14 
Iso-Debyeflex 2002, Richseifert and
Co. differactometer using Cu Kα radiation generated at 30 kV and 20 mA, collected XRD-patterns for all the compositions. The formation of these titanates (MSLT-1, MSLT-2 and MSLT-3) confirmed by the XRD-patterns obtained at room temperature (RT).
The flat faces of the sintered pellets were painted with an air-dried high purity silver paste and then mounted in the sample holder evacuated up to 10 -3 mbar for the electrical measurements. The loss tangent (tanδ) and parallel capacitance (Cp) of the palletized samples directly measured as a function of temperature and frequency by the HP 4194A impedance analyzer. The relative permittivity (ε') and the bulk a. c. conductivity (σ) of the samples calculated by using formula as reported earlier. 14 
RESULTS AND DISCUSSION
The Ti-O skelton of Na2Ti3O7 [ Fig. 1(a) ] consists of TiO6 octahedrons, which share edges and corner. However, the positions of Na + ions are very different for the titanate. The Na + cations located between the layers neutralize the ionic two dimensional titanium-oxygen constructions. The Na (1) and Na(2) atoms are located in the center of nine and seven vertex oxygen polyhedron, respectively. The cation-oxygen interatomic distance in Na (1) , like a two dimensional sheet cantered on the (100) plane. The layers are held together by Sodium ions. The Sodium ions exist in two, different kinds of crystallographic sites. The Na 2 Ti 3 O 7 crystals are monoclinic with unit cell dimensions a=9.133(2)Ǻ, b=3.806(1)Ǻ, c=8.566(2)Ǻ and β=101.57(3) o , space group=P2 1 /m. The basic framework of Na 2 Ti 3 O 7 is block of TiO6 octahedra, three at one level three at a distance b/2 Ǻ above and below which are joined through common edges. 1 The substitution of Lithium ions in the interlayer space does not affect the crystal structure of Na 2 Ti 3 O 7 . This confirms the presence of small Lithium ions with large Sodium ions in interlayer space. The crystal structure of Na 1.9 Li 0.1 Ti 3 O 7 is shown in Fig. 1(b) , which indicates that Lithium atoms are accommodated with sodium atoms in widely opened interlayer space. Dotted line represents the unit cell.
The dependence of Loss Tangent (Tanδ) for MSLT-1, MSLT-2 and MSLT-3 in temperature range 373-723K at some fixed frequency is shown in Figure 2 (a)-(c). The values of tanδ remain invariant up to 398K for MSLT-1, 423K for MSLT-2 and up to 598K for MSLT-3. Above these temperatures the values of tanδ furnishes two relaxations peaks at 598K and 723K for MSLT-1, MSLT-2 and MSLT-3. Above these temperatures the values of tanδ up to the temperature range of study increases sharply at lower frequency and gradually at higher frequency. Generally, the values of tanδ increase appreciably when temperature rises. This growth in tanδ brought about by an increase both in conduction of residual current and the conduction of absorption currents. The losses caused by dipole mechanism reach their maximum at certain definite temperature T k . 38 However, in actual facts, the rise in temperature and the resulting drop in viscosity exert a double effect on the amount of losses due to the friction of the rotating dipoles. On one hand, degree of dipole orientation increases and on the other hand, there is a reduction in energy required to overcome the resistance of the viscous medium (internal friction of matter) when the dipole rotates through the unit angle. The first factor increases the losses and second diminishes these values. 38 It can proposed that mainly two components are responsible for the dependence of tanδ on temperature and frequency simultaneously: (i). Firstly, the large losses due to dipole relaxation polarization as relaxation peaks indicated in the high temperature region. However, non-occurrence of any pronounced peak in Fig. 2 (c) might be because the participating ions in the relaxation polarization grow with rise in temperature. This suppresses all types of relaxation peaks in tanδ versus temperature plots for MSLT-3.
(ii) Secondly, the losses are due to the motion of loosely bound (Na + and Li + ) cations in the interlayer space and regarded as a loss due to electrical conduction.
The occurrence of two peaks in the tanδ versus temperature plots for manganese doped derivatives MSLT-1 and MSLT-2 can easily be explained by proposing that the three types of dipoles are present in the interlayer space one due the substitution of manganese ions as Mn 3+ at Ti 4+ site for lower doping and two types of dipoles due to the substitution of Mn 2+ at two interlayer crystallographic alkali site Na/Li(1) and Na/Li(2) which create the necessary vacancy at the nearby alkali sites for higher doping as already reported in literature. 9, 48, 49 The ion vacancy (I-V) pairs so obtained would orient in all possible direction with respect to the applied field causes to increase in values of tanδ. The shifting of relaxation peaks towards higher temperature and then towards lower temperature due to the change in relaxation time and disorder introduced into the lattice.
As the concentration increases, the number of relaxations peaks increases but for derivative with higher doping the relaxations, peaks do not occur may be due to the participation of ions in the relaxation polarization, which grows with rise in temperature. The major role of manganese substitution at higher doping suppresses the relaxation peaks due to the permanent electric dipoles (5.0, 5.8 and 6.2D) (1Debye = 3.33564 X 10 -30 cm.) present in the lattice. 39 The dependence of tanδ on frequency can explained with the help of equation given below
where the symbols have their usual meanings. One can easily explain from this equation
The observed appreciable decrease in tanδ with rise in frequency at higher temperatures may be due to the accumulation of charges at interfaces in a multiphase material hence interfacial polarization (space charge polarization) takes place. 38, 47 The low value of tanδ at higher frequencies is the outcome of the low reactance offered by ceramic sample. The higher rate of increase tanδ for low frequencies attributed to the space charge polarization. 38, 47 At higher frequency sample offer low reactance to the sinusoidal signal and hence minimize the conduction losses, therefore the amount of dielectric losses are the characteristic of dipole mechanism and electrical conduction.
It is also found that the values of tanδ first decreases sharply up to 0.1 molar percentages doping of MnO 2 but increases slowly up to 1.0 molar percentage of MnO2 up to 523K as shown in Fig.  (3) . As the temperature increases from 523K the tanδ increases sharply, this may be due to its molecular structure with the large losses due the dipole relaxation polarization as the relaxation peaks indicated in the high region. The decreased values of tanδ for the samples MSLT-1 and MSLT-2 suggest that the substitution of Mn 3+ at Ti 4+ site results After 423K the εr increases linearly with relaxation type peaks at 448K, 498K and 598K for MSLT-1 and 498K, 573K and 673K for MSLT-2. The shift-ing of peak may be due to the different roles of three types of dipoles generated due the substitution of manganese ions Mn 3+ at Ti 4+ sites and Mn 2+ at two interlayer alkali sites. It can also be seen that εr continuously decreases as the frequency increases in higher temperature region. For MSLT-3 in Fig.  4(c) , it can be seen that the values of εr suddenly decreases in numerical values. Its values lie in the range 20-30 up to 623K with a small resonant type peak at 448K. During the temperature range 623-648K ε r strongly dependent on temperature but beyond 648K again ε r has invariance nature up to the temperature range of study. The presence of resonant type peaks already discussed above.
The nature of dependence of relative permittivity may be different in solid ionic (linear i. e. not ferroelectric) dielectric. In most of the cases, an ionic mechanism of polarization increases ε r when temperature grows. However, in some cases, the values of ε r may diminish when temperature rises, particularly in those substances in which the ionic displacement intensifies the internal field and thereby the electronic polarization. 38 The molecules cannot orient themselves in the polar dielectric in the low temperature region, when temperature raises the orientation of the dipoles is facilitated and increases the dielectric constant. As the temperature grows the chaotic thermal oscillation of the molecules intensified and degree of orderliness of their orientation diminished. This causes the curves of dependence εr to pass through maximum and then drops. Mainly two factors are re- 3 1.4 1.5 1.6 1.7 1.8 1.9  2  2.1 2.2 2.3 2.4 sponsible for sudden fall in the values of εr for heavily doped derivative and further at 623K it again increases up to 648K becomes three times larger then the values of εr. Firstly, the decrease in values of ε r up to 623K for MSLT-3 from MSLT-1 and MSLT-2 may be due to manganese ions inhibit the effect of Ti ions and the number of space charge carriers decreases leading to a lower polarization and hence a lower dielectric constant. Secondly, between the temperatures range 623-648K the vales of ε r an increase three times it may be due to substitution of manganese ions at interlayer alkali sites. This will cause the dilation of interlayer space and simultaneously ε r increases. As the frequency increases ε r continuously decreases linearly from 523-723K for MSLT-1 and 573-723K for MSLT-2. The observed dispersion in ε r frequency relation can be explained on the basis of Maxwell Wagner model, in which the solid is assumed as composed of well conducting grains separated by poorly conducting grain boundary. The decrease in relative permittivity with divalent ion doping addition, according to Mc-Chesney et al. 40 and Cook and Tennery 41 was attributed to the formation of weak layers at the grain boundaries of the base matrix Na 1.9 Li 0.1 Ti 3 O 7 . These boundary layers are assumed compositionally different from the interior of the grain and may arise because of reaction between Mn ions and Na 1.9 Li 0.1 Ti 3 O 7 or may originate from (Mn-Na/Li-Ti) complex oxide segregation at the grain boundaries. Fig. 5 shows the dependence of ε r on manganese concentration. It is found that εr first increases up to 0.1 molar percentage of MnO 2 and then suddenly decreases up to 1.0 molar percentage of MnO2. The corresponding increase in the values of relative permittivity may be due to increase in number of dipoles in the interlayer space while the corresponding decrease in the values of relative permittivity may be due to the increase in the leakage current due to the higher doping. K) versus 1000/T (K -1 ) plots for MSLT-1, MSLT-2 and MSLT-3. These curves are divided into three regions namely region I, II and III.
Region I (Lower temperature region)
The strongly frequency dependent and almost temperature independent region exists up to 598K 48 Dharmendra Pal ․ J. L. Pandey ․ Shripal
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for MSLT-1, 573K for MSLT-2 and 623K for MSLT-3 with a small peak at 448K for MSLT-1 and MSLT-2, at 473K for MSLT-3. In ionic host lattices, where the interaction between orbital of neighboring ions, there is polarization of lattice associated with the presence of electronic carriers, the associated consisting of electronic carriers plus its polarization field is referred as polaron. Two types of polarons play a major role in conduction process at relatively lower temperature region. When the association is weak (large polarons), conductivity is similar to quasi-free electrons result with the small effective mass. When the electronic carrier plus the lattice distortion has the linear dimension smaller than the lattice parameter, it referred to as a small polaron, and the mobility is strongly affected by the lattice distortion which must move along with the electronic carrier. The loosened electrons from the negative ions and from the impurities in the crystal transported through the solid and would contribute to the conduction. 42 The polaron is an electron that always moves around together with the associated lattice polarization that minimizes its energy. 43 The nature of a. c. conductivity can be interpreted by proposing that the electronic hopping conduction, in which the hopping of electrons through shallow barrier along Ti-Ti chain take part in conduction. These electrons play a major role in this region. Such a frequency dependence of conductivity attributed to a wide distribution of relaxation times due to barrier height. 44 This region is very identical with those reported in conductivity plots of vacuum deposited ZnPc and CoPc thin film. 45 The conduction mechanism for the low temperature region can expressed as 46
Region II (Mid temperature region)
This region exist from 598Kto 623K for MSLT-1, 573K to 598K for MSLT-2 and 623K to 648K for MSLT-3. It seen that in this temperature region the conductivity value has decreased with increasing temperature but suddenly increases for MSLT-3.
The conduction mechanism in this region has been formulated by proposing that the loose oxygen's produced by the substitution of Mn 3+ at Ti 4+ will be trapped by cation vacancies present in the interlayer space leading to decrease in the conductivity. In this region, it found that no frequency dependence for MSLT-3 is seen in conductivity plots. It suggests that the electronic hopping conduction is still strongly contributing up to this higher temperature region for MSLT-1 and MSLT-2 but it is totally suppressed in sample MSLT-3 probably due to the reduction in the population of trapped electrons with the substitution of Mn 2+ at interlayer alkali sites. So the conduction mechanism for MSLT-1 and MSLT-2 may be hindered interlayer ionic conduction and electronic hopping conduction. The sudden increase in conductivity values between temperature range 623-648K has already discussed in (ε r -T plots). The slope of conductivity plots is higher then intrinsic region for MSLT-3 so the mechanism of conduction for MSLT-3 attributed due to associated interlayer ionic conduction.
Region III (Higher temperature region)
Almost temperature dependent and very less frequency dependent region exist from 623K for MSLT-1, from 598K for MSLT-2 and from 648K for MSLT-3 up to the temperature range of study. The dependence of conductivity upon the frequency persists for manganese-doped derivatives for MSLT-1 and MSLT-2. The electronic contribution is less than the total conduction in the higher temperature region showing that at higher temperatures the conduction is mainly ionic. Accordingly, the conduction mechanism in this region may modified interlayer ionic conduction along with the polaronic conduction for MSLT-1 and MSLT-2 while only modified interlayer ionic conduction for MSLT-3. From these curves, it is clear that the dependence of ac conductivity decreases with increase in temperature. The frequency dependence of conductivity is the characteristic of electron hopping conduction, which decreases with rise in temperature, indicating a decrease in electron hop-ping conduction and an increase in interlayer ionic conduction. Fig. 7 shows the dependence of lnT(Ω -1 m -1 K) on composition. The conductivity first decreases up to 0.1 molar percentage of MnO 2 and sharply decreases up to for 1.0molar percentage of MnO 2 . This may be due to the loosen electrons from Ti 3 O 7 2that takes part in conduction process while at higher doping loosen oxygens are responsible for decrease in ac conductivity.
CONCLUSIONS
Dielectric-Spectroscopic investigations show dipole relaxation polarization along with the losses due to the motion of loosely bound ions and space charge polarization at higher temperature.
Three types of manganese substitutions and dipoles in the interlayer space as Mn 3+ at Ti 4+ site for lower doping and two types of dipoles due to the substitution of Mn 2+ at two interlayer crystallographic alkali site Na/Li(1) and Na/Li(2) which create the necessary vacancy at the nearby alkali sites for higher doping have been identified through tanδ versus temperature plots for all the doped derivatives. The dependency of relative permittivity on temperature and frequency for mixed ionic-electronic material Layered (Na 1.9 Li 0.1 Ti 3 O 7 ) ceramic with 0.01, 0.1 and 1.0 molar percentage of MnO 2 doped derivatives indicates that the increase in the values of relative permittivity is due to increase in number of dipoles in the interlayer space. The corresponding decrease in the values of relative permittivity is due to the increase in the leakage current due to the higher doping.
A. C. Conductivity measurements pointed out that in intrinsic region only polaronic conduction exists for all manganese-doped derivatives. In extrinsic region the conduction mechanism for lower manganese-doped derivatives may hindered interlayer ionic conduction with electronic hopping conduction. The mechanism of conduction in heavily doped derivatives may be attributed due to associated interlayer ionic conduction and in ionic region the conduction mechanism in this region is modified interlayer ionic conduction along with the polaronic conduction for lower manganese doped derivatives while only modified interlayer ionic conduction for heavily doped derivatives.
Two types of polarons play a major role in conduction process at relatively lower temperature region. When the association is weak (large polarons), conductivity is similar to quasi-free electrons result with the small effective mass. When the electronic carrier plus the lattice distortion has the linear dimension smaller than the lattice parameter, it is referred to as a small polaron.
